Metabolic diseases such as type 2 diabetes mellitus (T2DM) and metabolic syndromes (MetS) have been recognized as the important risk factors for asymptomatic intracranial vertebrobasilar stenosis (IVBS). Although fatty liver index (FLI) is significantly related with these diseases, the association between FLI and IVBS remains unclear. In the present study, 2368 participants (30-75 years) were recruited from a Chinese prospective cohort study of PMMJS. Amongst them, 2281 individuals who did not have IVBS at baseline were enrolled in the 6-year following-up study. In cross-sectional analysis based on the baseline characteristics, the results showed that FLI was positively related with IVBS prevalence. Compared to the participants with FLI < 30, the adjusted OR (95% CI) of IVBS was 2.07 (1.18, 3.62) and 2.85 (1.39, 5.18) in the groups of 30 FLI < 60 and FLI ! 60, respectively. In longitudinal analysis, the results showed that the participants with FLI ! 60 had an increased risk of asymptomatic IVBS compared to those with FLI < 30 [adjusted HR (95%CI): 1.65 (1.05, 2.60)]. Moreover, exclusion of persons with hypertension, T2DM and MetS did not alter the associations between FLI and asymptomatic IVBS. Therefore, our results suggest that elevated FLI is an independent risk factor for asymptomatic IVBS in Chinese adults.
Introduction
Vertebrobasilar system is comprised of the vertebral arteries and the basilar artery. Each vertebral artery arises from a branch of the subclavian artery, and merges at the pontomedullary junction to form the basilar artery. Intracranial vertebrobasilar stenosis (IVBS) is a common cause of ischemic stroke and an important risk factor of stroke recurrence [1, 2] . Clinically, up to 20% of ischemic stroke is in the vertebrobasilar circulation territory [3, 4] . Therefore, it is a1111111111 a1111111111 a1111111111 a1111111111 a1111111111 critical to analyze the risk factors of asymptomatic IVBS and their effects on the disease prognosis in stroke patients.
Over the last two decades, non-alcoholic fatty liver disease (NAFLD) has emerged as the leading cause of chronic liver disease worldwide [5] . The disease is associated with clinical states such as obesity, insulin resistance, and type 2 diabetes mellitus (T2DM), and covers a wide range of liver changes, ranging from simple steatosis to non-alcoholic steatohepatitis (NASH), liver cirrhosis, and hepatocellular carcinoma [6] [7] [8] . Further to NAFLD's substantial effects on liver physiology, more and more studies have reported independent associations between NAFLD and major cardiovascular events [9] [10] [11] .
Fatty liver index (FLI) is a noninvasive index for the prediction of hepatic fatty liver based on body mass index (BMI), triglyceride (TG), gamma-glutamyltransferase (GGT) and waist circumference (WC) [12] . In a Chinese study including 8626 adolescents, Huang et al. reported that NAFLD determined by FLI was well correlated with the hepatic steatosis diagnosed by abdominal ultrasonography. The optimal cut-off point of the FLI for diagnosing NAFLD was 30 with a high sensitivity of 79.89% and a specificity of 71.51% [13] . Moreover, the results from RISC study have shown that subjects with more than 60 of FLI value were at higher risk of atherosclerotic lesions, independently of traditional factors such as the components of MetS [14] . Given that atherosclerosis is an important pathogenic mechanism related with IVBS development [15] , we therefore conducted the present study to investigate the associations between FLI and asymptomatic IVBS based on the Chinese cohort study of "The prevention of MS and multi-metabolic disorders in Jiangsu" (PMMJS).
Materials and methods

Study population
The subjects included in the present study were recruited from the Wuxi center of PMMJS, which was established at early 2000 and aimed to analyze the epidemiologic characteristics of chronic diseases in Jiangsu, China. The design, protocol and sampling method of PMMJS have been described in detail before [16] . In short, 5067 subjects (aged 30-75 years) were enrolled in PMMJS study at baseline. Amongst them, 4362 individuals accepted the invitation to participate in this study between February and August in 2007. We excluded the subjects with excessive alcohol consumption (! 30 g/day for men or ! 20 g/day for women) (874), liver cirrhosis or suspicion of malignancy (39), HBsAg positive (355) or anti-HCV antibody positive (10) and a history of schisomiasis (29). Additionally, 23 persons with anatomical abnormalities in vertebrobasilar system, 291 hypertensive individuals under anti-hypertension treatment, 58 T2DM patients under glucose-lowing treatment, and 315 participants under lipid-lowering treatment were excluded. At last, 2368 subjects at baseline who completed a large scale of physical examination were included for the cross-sectional analysis. Meanwhile, after excluding 87 individuals with asymptomatic IVBS at baseline, 2281 subjects were enrolled in a 6-year follow-up study from 2007 to 2013 (Fig 1) .
This work was approved by the ethical committee of Soochow University and was conducted in accordance with the ethical standards of the responsible committees for human experimentation and with the Helsinki Declaration of 1975. All of participants were asked to provide written informed consent before data collection.
was measured within 0.1 kg. BMI was calculated as the ratio of weight in kilograms to height in meters squared. Three consecutive sitting blood pressure measurements (one minute between each) were taken by trained staff using a mercury sphygmomanometer with a standard protocol, after the subjects had been resting for about 5 minutes.
Laboratory measurements
An overnight fasting blood sample was collected from each participant. The fasting plasma glucose (FPG), TG, total cholesterol (TC), low density lipoprotein cholesterol (LDL-c), high density lipoprotein cholesterol (HDL-c), alanine aminotransferase (ALT), aspartate aminotransferase (AST) and GGT were measured with standard laboratory procedures by using an autoanalyzer (Olypums AU640, Japan). The intra-coefficients of variation values were less than 5.0% and the inter-assay values were less than 9.5% for all examinations. 
Fatty liver index
TCD examination
TCD is widely used in epidemiological studies for the diagnosis of intracranial arterial stenosis because it is a noninvasive, effective and reliable method [17, 18] . In the present study, TCD examination was performed by two experienced radiologist using a portable devices (EME Companion, Nicolet). Both neurologists when performing the sonography were unaware of the baseline information of the participants. A diagnosis of IVBS was established following peak systolic flow velocity (PSV) criteria: > 100 cm/second for the vertebral or basilar arteries, which have been published and validated against MR angiography elsewhere [19, 20] . For participants over 60 years old, the criteria would be lower by 20 cm/s. In addition to the PSV criteria, the participants' age, disturbance of the echo frequency, turbulence or abnormal blood flow were also considered for the diagnosis [19] . Asymptomatic IVBS was diagnosed if at least one of the studied arteries showed evidence of stenosis. Undetected arteries via both temporal and orbital window were considered negative [19] .
Definition of hypertension, T2DM and MetS
The definition of hypertension was: (1) history of hypertension diagnosed by a physician; (2) SBP ! 140 mmHg, and/or DBP ! 90 mmHg; or (3) currently underwent antihypertensive treatment prescribed by a physician. T2DM was defined as: (1) FPG levels were ! 7.0 mmol/L; or (2) history of T2DM which was diagnosed by a physician; (3) individual was undergoing treatment with insulin or oral hypoglycemic agents. MetS was diagnosed when the participants had 3 or more of the following components: (1) WC ! 90 cm for men and ! 80 cm for women; (2) TG ! 1.7 mmol/l; (3) HDL-c < 1.03 mmol/l; (4) SBP ! 130mmHg and/or DBP ! 85mmHg or with previously diagnosis of hypertension and current use of antihypertension medications; and (5) FPG ! 5.6 mmol/l or previous diagnosis with T2DM.
Statistical analysis
Statistical analyses were performed using SAS 9.4 software (SAS Institute, Cary, NC, USA). Data were expressed as means ± SD or frequencies. The unpaired t-test and the χ 2 -test with Yates's correction for continuity (for categorical variables) were used to compare the characteristics of participants. In cross-sectional analysis, all of participants were divided into two groups according to the participants with and without IVBS at baseline. Multivariate logistic regression analysis was performed to assess the independent association of baseline FLI with the prevalence of asymptomatic IVBS. The odds ratios (OR) and 95% confidence intervals (CIs) were analyzed. In longitudinal analysis, the cox regression was used to estimate the associations of FLI with incidence of asymptomatic IVBS over 6 years, and crude and adjusted hazards ratios (HR) and their 95% CI were calculated. In the fully adjusted regression model, the variables included gender (male/female), age, BMI, smoking status (yes/no), SBP, DBP, HDLc, LDL-c, TC, FPG, ALT and AST. All reported P values were two-tailed, and those < 0.05 were considered statistically significant.
Results
Cross-sectional associations between FLI and asymptomatic IVBS
The characteristics of 2368 participants with or without IVBS (87 vs 2281) were presented in Table 1 . As the results shown, the mean FLI value of the subjects with IVBS was 57.20 ± 6.66, which was significantly higher than those without IVBS (50.89 ± 9.82, P = 0.000). As expected, the prevalence of hypertension, T2DM and MetS was much higher in individuals with IVBS. Moreover, participants with IVBS were older and had higher BMI, WC, FPG, TG and lower HDL-c compared to those without IVBS. However, no significant differences were observed in ALT, AST and GGT between two groups.
The overall prevalence of IVBS was 1.95%, 5.28% and 8.21% in the groups of FLI < 30, 30 FLI < 60 and FLI ! 60, respectively. Compared to the participants with FLI < 30, the OR (95% CI) of IVBS was 2.07 (1.18, 3.62) and 2.68 (1.39, 5.18) in the groups of 30 FLI < 60 and FLI ! 60 respectively, after adjusting for confounding variables (Table 2) . Furthermore, we performed the sensitivity analysis to evaluate the cross-sectional associations between FLI and IVBS. The results showed that exclusion of participants with hypertension, T2DM and MetS did not alter the association between FLI and prevalence of asymptomatic IVBS (OR FLI ! 30 vs FLI < 30: 2.44, 95% CI: 1.26-4.74) ( Table 3) . Longitudinal association between FLI and asymptomatic IVBS Totally, 177/2281 (7.76%) persons were diagnosed with asymptomatic IVBS during six years follow-up. However, we did not observe stroke cases in the present longitudinal study. Anthropometric, clinical, and laboratory data of studied persons were shown in Table 4 . Compared to the persons without asymptomatic IVBS, the subjects with asymptomatic IVBS were about 4.6 years older, and had higher serum levels of GGT, TG, TC and FPG. As expected, HDL-c levels were significantly lower in individuals with asymptomatic IVBS. As shown in Fig 2, the results of Kaplan-Meier analysis showed that there was an increased incidence of asymptomatic IVBS in participants with intermediate and high FLI values. Compared to the subjects in the FLI < 30 group, subjects in 30 FLI < 60 and FLI ! 60 groups had HR (95% CI) of 2.04 (1.45, 2.87) and 2.80 (1.92, 4.07) for the unadjusted model, respectively. Moreover, the individuals with FLI ! 60 had a 1.65 fold increased risk of asymptomatic IVBS compared to those with FLI < 30, even after adjusting for confounding variables (Table 5) . Table 6 and S1 Table showed subgroup analysis for incident asymptomatic IVBS of the participants with FLI ! 30 using FLI <30 as the reference. The results showed that in the group of FLI !30, the participants with less than 51 years, higher levels of GGT, and lower level of TC, LDL-c, HDL-c and FPG, had an increased risk of the incidence of asymptomatic IVBS. However, we did not observe the significant effects of the serum ALT and AST levels on the association between FLI and the incident asymptomatic IVBS.
As shown in Table 7 , almost identical results were obtained in further sensitivity analysis. After excluding the subjects with hypertension, T2DM and MetS, the result still showed that participants with FLI ! 30 had an increased risk of IVBS compared to those with FLI less than 30, after adjusting for confounding variables (HR: 1.44, 95% CI: 1.02-2.04). 
Associations between FLI and IVBS in Chinese population
Discussion
This study has shown that FLI has a cross-sectional association with prevalent asymptomatic IVBS and a prospective association with incident asymptomatic IVBS in Chinese adults. The participant with elevated FLI value has an increased risk of asymptomatic IVBS development. Furthermore, this association remains statistically significant even after excluding the subjects with traditional risks such as hypertension, T2DM, MetS and etc. A large number of studies from Chinese, Korean and European reported that FLI was well correlated with the NAFLD diagnosed by abdominal ultrasonography, although FLI was originally proposed to identify those individuals who should be submitted to liver ultrasonography for suspected fatty liver [12] [13] [14] [21] [22] [23] . In a recent Italian study, Targher et al. suggested that NAFLD was associated with a remarkably higher prevalence of asymptomatic/symptomatic coronary, cerebrovascular or peripheral vascular disease. This association remained statistically significant even after adjustment for several established risk factors, including the components of the metabolic syndrome [24] . Additionally, in a pooled analysis of 19,274 adult participants from 20 studies, the results showed that participants with NAFLD had an1 8.70% increase in carotid intimal medial thickness when compared with those without NAFLD. Moreover, NAFLD was found to be significantly related with an increased risk of carotid plaque development in 14,445 adult participants from 13 studies [25] . These previous findings might partially explain the relationships between FLI and asymptomatic IVBS.
ALT, AST and GGT are widely used liver tests [26] . Recently, a number of studies reported that raised serum activity of ALT, AST and GGT independently predicted the future development of MetS and T2DM as well as cardiovascular events and/or total/CVD mortality [27-31]. Consistent with these findings, our present study found that the risk of asymptomatic IVBS increased with FLI values in the participants with higher levels of GGT, but not in the subjects The results of Kaplan-Meier analysis showed that there was a significantly higher incidence of asymptomatic IVBS in participants with higher FLI compared to those with FLI < 30 (P < 0.001 for both FLI < 30 vs 30 FLI < 60 and vs FLI ! 60, respectively).
https://doi.org/10.1371/journal.pone.0187502.g002 with lower serum GGT levels. Therefore, the present study suggests that those NAFLD individuals exhibiting raised liver enzymes may have a higher risk of IVBS.
In stratified analysis, we observed that individuals with FLI ! 30 had an increased risk of incident IVBS in the subgroup with lower levels of FPG, TC, TG, HDL-c and LDL-c. NAFLD patients exhibit an atherogenic dyslipidemia that is generally characterized by an increased plasma concentration of TG, reduced concentration of HDL-c, and LDL particles that are smaller and more dense than normal [32, 33] . Therefore, a better understanding of features and mechanisms of atherogenic dyslipidemia occurring in NAFLD individuals is key and further studies should be addressed at better characterizing it.
Our study has several limitations. First, although TCD has been regarded as a reliable screening method to diagnose IVBS according to the Stroke Outcomes and Neuroimaging of Intracranial Atherosclerosis (SONIA) trial [34, 35] , it is not as accurate as DSA for IVBS determination. Second, the presence of IVBS was classified as yes or no, instead of degree of stenosis in the present study; thus the potential associations between FLI and the severity of IVBS cannot be tested further. Lastly, our study population was not a nationally representative sample and the findings may not be applicable to other ethnic and regional populations.
In summary, our present study provided the evidence that persons with elevated FLI have higher risks of asymptomatic IVBS and the likelihood of asymptomatic IVBS increased with FLI indices. In future, more prospective studies are needed to establish whether FLI is associated with the progression of asymptomatic IVBS and its related diseases in different population. 
